ABSTRACT Reconstruction alternatives following removal of an infected aortic graft bear a high morbidity and mortality rate. Recent reports suggest that cryopreserved tissue may be implanted in infected fields and, therefore, may be suitable for replacement of infected aortic grafts. We report two cases of aortic replacement with cryopreserved allografts. 
no postoperative complications. Thirteen months after surgery, he is asymptomatic, without complications or evidence of infection on CT or WBC scans. Aortic cryopreserved allografts may be a feasible alternative for replacement of infected aortic grafts. Our early experience has been promising, but long-term follow-up is necessary to assess secondary aneurysmal or thrombotic changes in these grafts.
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Aortic graft infection remains a devastating complication associated with high mortality and amputation rates. Removal of the infected graft and replacement with an extra-anatomic bypass may be associated with limb loss, aortic stump blow-out, or pelvic ischemia, [1] [2] [3] whereas antibiotic-soaked in situ polyester grafts may become re-infected, especially when placed in patients with abscesses. 4 Aortic reconstruction with saphenous or deep lower limb veins is associated with prolonged operative time and possible venous morbidity. 5 Potential advantages of aortic graft replacement with cryopreserved allografts include easy availability, avoidance of deep vein excision, the ability to maintain pelvic blood flow with in situ replacement, and proposed reduced re-infection rates. We report two cases of aortic replacement with cryopreserved aortic allografts.
CASE REPORTS

Case 1
A 60-year-old woman, status post-aortobifemoral bypass in 1981 for occlusive disease, with revisions in 1983 and 1985, presented with right groin pain. She was afebrile and had excellent distal pulses. Laboratory values were normal, including a white blood cell (WBC) count of 7,400 ‫ן‬ 10 9 cells/L and negative blood cultures. Computed tomography (CT) showed minimal peri-graft soft tissue and indium-111 WBC scan demonstrated slight increase in uptake predominantly in the left groin. She was initially treated with oral antibiotics, but had reoccurrence of her groin pain and persistent weight loss over the subsequent six months. Repeat CT (Fig. 1A ) and WBC scans (Fig. 1B) were consistent with a progressive aortobifemoral graft infection. Aortography confirmed a patent graft with bilateral superficial femoral artery stenoses.
The patient underwent graft removal after placement of ureteral stents. Purulent fluid containing many WBCs surrounded both femoral limbs and the aortic graft. A donor 40mm bifurcated cryopreserved aortic graft was initially thawed at 37-42°C for 15-25 minutes in a large basin. Because additional length was required, a 42-cm cryopreserved femoro-popliteal segment was also prepared using serial dilutions designed to elute the cryopreservation Fig. 1 (A) CT scan of a 60 year-old woman demonstrates soft tissue inflammation around the aortic graft (arrow). (B) WBC scan performed at the same time showed uptake of radioactive precursor in the aortic graft and both the right (arrow) and left graft limbs (double arrows) suggestive of an infected aortobifemoral prosthetic graft.
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solution without destroying the integrity of the graft. The femoro-popliteal segment was divided and sutured to the aorto-iliac segment. (Fig. 2) After removal of the infected aortobifemoral graft, the allograft was sutured endto-end to the infrarenal aorta and to the distal common femoral, profunda femoris, and superficial femoral arteries bilaterally (Fig. 3 ) and the graft wrapped with omentum. Ultrasonic flow measurements were 450 and 400 ml/min in the left and right limbs, respectively. Although all tissue cultures were negative, the patient was maintained and discharged on antibiotics. Postoperatively, she had a left hemispheric stroke with right arm weakness. She recovered well, and seven months later is doing well, with palpable distal pulses and no evidence of recurrent infection by clinical exam, CT scan, or WBC scan. Fig. 2 Preparation of the aortobifemoral cryopreserved graft. A femoropopliteal cryopreserved graft was divided in half and each segment anastomosed to the iliac limbs of the aorto-iliac cryopreserved graft. These additional segments allowed the graft to extend from the patient's aorta to her femoral arteries.
Case 2
Two years after placement of an aortobi-iliac graft for aneurysmal disease, a 77-year-old man presented with nine months of fever, chills, bacteremia,
Fig. 3
After removal of the infected graft, the cryopreserved allograft was anastomosed end-to-end to the infrarenal aorta and end-to-side to both femoral arteries. and episodes of foot and thigh abscesses requiring drainage, consistent with septic emboli. CT scan (Fig. 4 ) demonstrated no fat plane between the small bowel and aorta with soft tissue containing gas bubbles overlying the perirenal aorta. WBC scan also was suggestive of aortic graft infection, and aortogram showed a patent graft with kinking of the iliac limbs.
After placement of ureteral stents, abdominal exploration confirmed aortic graft-jejunum fistula (Fig. 5) . The small bowel was repaired primarily with a two-layer closure and the infected graft was removed. Infected thrombus was found in the graft at the area of the jejunal erosion. The aorta was replaced with a 12 ‫ן‬ 5 mm, 18cm long cryopreserved aortic allograft from the infrarenal aorta to both common iliac arteries. Ultrasonic flow measurements were 900 and 850 ml/min in the left and right limbs, respectively. A small rent in the left ureter was repaired over a stent. The allograft was wrapped with an omental flap.
Intraoperative cultures grew Candida albicans, Enterobacter cloacae, Bacteroides fragilis, and Veillonella parvula. He was given intravenous antibiotics for six weeks and converted to lifelong oral antibiotics. He had no postoperative complications and was dismissed 14 days after surgery. Thirteen months after the operation, he is asymptomatic, without complications or evidence of infection on CT scan or WBC scan. 
DISCUSSION
Options for management of aortic graft infection include extra-anatomic bypass with resection of the infected graft, ex situ retroperitoneal aortic bypass, 6 nonresectional strategies such as antibiotic irrigation, 7 in situ graft replacement with antibiotic-soaked graft, or in situ graft replacement with arterial allograft. Despite multiple management options, the mortality of aortic graft infection remains high (20-50%). 1, 2, 4, 8 This summary of two patients undergoing cryopreserved allograft replacement for an infected aortic graft represents a potential management option with low morbidity and easy availability.
Extra-anatomic bypass with resection of the graft often is described as the gold standard of treatment for aortic graft infection. 9, 10 This approach may be complicated by aortic stump blowout or axillofemoral graft thrombosis or infection. A recent series from Yeager reported 60 patients who underwent axillofemoral bypass followed by excision of the infected aortic graft. 9 The perioperative mortality rate was 13% and 5-year primary axillofemoral graft patency was 73%. Although there were no reported cases of aortic stump blowout in Yeager's series, this remains a potential, lethal complication. In addition, reduced graft patency remains a concern, especially in younger patients receiving an extra-anatomic bypass. A series of 16 patients from Darling et al., suggested retroperitoneal in-line aortic bypass through un-infected tissue planes may offer the benefit of extra-anatomic bypass without the lower patency associated with axillofemoral bypass. 6 Thirty-day mortality rate was 0% and limb salvage was 100%. With a mean follow-up of 32 months, no re-infection was noted. Although this technique may be a reasonable option, larger series with longer follow-up will be needed.
In-situ graft replacement with antibiotic-soaked graft is a feasible option. Of 52 patients with aorto-enteric fistula treated at our institution, 10 patients underwent in situ aortic replacement. 8 Of these 10 patients, 30-day surgical mortality was 50% after emergency repair and 17% after elective repair. One patient required early amputation, and none of the seven early survivors had evidence of infection at last follow-up. A recent series from our institution reported the results of 25 patients treated for aortic graft infection with 8% mortality and 100% limb salvage rate. 4 A trend of lower re-infection was noted with rifampin-impregnated grafts and patients with aortoenteric fistulae, and those without abscesses had improved overall results. This series emphasized the importance of graft coverage with autogenous tissue, as a 360-degree graft wrap conferred significant protection from re-infection. The Leicester experience of in situ graft replacement suggested methicillinresistant staphylococcus aureus (MRSA) was associated with poor prognosis after in situ graft replacement. 11 Initial experience with cryopreserved allografts has been documented for aortic valve homografts with generally positive results. [12] [13] [14] [15] However, the experience with in situ replacement of cryopreserved allograft for infected aortic grafts still is limited. Kieffer's large series of aortic allografts were stored at 4°C, which clearly is different from currently used cryopreserved allografts, stored at Ϫ180 to Ϫ196°C. Kieffer reported 18% mortality in a series of 83 patients, who underwent in situ replacement of infected aortic grafts (Table 1) . 16 Four (5%) patients had late dilation of their allograft segment and 15 (18%) patients had late occlusive lesions.
Cryopreserved grafts are reported to demonstrate reduced antigenicity and improved cellular integrity as compared to fresh homografts. This theory is supported by the data from both Vogt and Chiesa (Table 1) , who report surgical mortality from 6-13% in patients receiving cryopreserved aortic allografts. 14, 15 In addition, experimental animal studies suggest that cryopreserved grafts may be more resistant to reinfection. Furthermore, graft rejection is rare, immunosuppression is not required, and allografts are readily available. However, da Gama describes histologic degeneration of the media in cryopreserved grafts, leading to secondary aneurysmal or thrombotic changes. 17 Because of these histologic changes, cryopreserved grafts may not be effective long-term solutions, but may be considered as a bridge to allow resolution of infection prior to in situ prosthetic graft replacement. Other potential limitations of cryopreserved grafts include rejection, lack of 62 Noel et al.
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resistance to certain bacteria, and cost. There is anecdotal evidence now of early graft hemorrhage due to reinfection or disruption of the cryopreserved graft in some patients.
Our two cases illustrate that cryopreserved allografts may be feasible alternatives for replacement of infected aortic grafts, with limited perioperative morbidity and low risk of limb loss. Although the first patient suffered a postoperative stroke, neither patient had lower extremity ischemia, limb loss, prolonged hospitalization, or evidence of re-infection at seven months after surgery. Aortic cryopreserved allografts are a potential, feasible alternative for replacement of infected aortic grafts. Rejection is rare and immunosuppression is not required. Our early experience has been promising, but long-term follow-up is necessary to assess secondary aneurysmal or thrombotic changes in these grafts. The group from the Mayo Clinic has added growing support for using cryopreserved allografts to treat aortic graft infections. The most common alternatives include (1) total graft excision, oversewing of the aortic stump, and placement of an axillobifemoral bypass; or (2) in situ replacement with rifampicin-soaked prosthetic grafts. The authors clearly delineate the advantages and disadvantages of all three techniques. We have employed each of these approaches with reasonably good success and tailored our approach depending on the intraoperative findings and causative organisms. We treated a patient with an infection due to Staphylococcus aureus that involved a graft originally placed for a Type III thoracoabdominal aneurysm. The patient has done well, with no evidence of infection 18 months after in situ cryograft replacement. I believe there are three key questions concerning the use of cryopreserved allografts to treat infected aortic grafts which the authors have already considered: success of this strategy depending on the specific types of causative bacteria, results after long-term follow-up, and graft availability.
Although intraoperative fluid and tissue cultures were negative in Noel and colleagues' first case, the relationship of the causative bacteria and likelihood of success following treatment with cryopreserved allografts is critical. The authors refer to the Leicester experience where patients treated by in situ replacement with rifampin-soaked grafts did poorly when methicillin-resistant staphylococcus aureus (MRSA) was the causative organism. 1 However, the results of cryopreserved allografts used when MRSA, or other virulent pathogens such as pseudomonas, is the causative organism, is not definitively known.
Other potential problems with cryopreserved allografts are aneurysmal and thrombotic graft complications after long-term follow-up. There are only a few large clinical trials using cryopreserved allografts to treat infected aortic grafts. Much of the literature concerning these grafts refer to laboratory or animal experiments. [2] [3] [4] [5] The largest human experience in the literature using in situ replacement of cryopreserved allografts for infected aortic grafts was reported by Keiffer. 6 The authors should address why the manufacturer currently stores the grafts at Ϫ180 to Ϫ196 degrees centigrade instead of 4 degrees centigrade, which was the type of graft used by Keiffer. His results were excellent, and the reader may want to know why a different process has been instituted. Was the process altered to hopefully decrease the incidence Graft Infection Treatment with Cryopreserved Allografts of aneurysmal degeneration or thrombosis of the allograft? Nevelsteen reported another large series of 25 patients with aortic graft infections treated by cryopreserved allografts, and noted an admirable 11% operative mortality, but occlusive complications related to the allograft occurred in 23% of patients after approximately two years of follow-up. 7 The fastest that cryopreserved grafts can be obtained from the manufacturer is approximately twenty-four hours. Since most hospitals do not stock cryopreserved allografts on their shelves, the obligatory delay in obtaining the graft may be critical depending on the type of presentation of the infection and urgency of surgical intervention.
As they have many times before, the Mayo vascular surgeons have addressed a critically important issue regarding patients with vascular disease. I applaud their efforts and encourage others to report their results with use of cryopreserved allografts to treat aortic graft infections.
